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The ecology of nacroalgae has enjoyed scant attention in tropical and
subtropi cal estuaries. Mst estuaries were previously considered to be based on
a phytoplanktonic food chain. A recent review of phanerogam popul ations has
indicated large benthic grass comunities in such diverse estuaries as Puget
Sound and Beaufort North Carolina (reviewed in WlIlfe, Thayer and WIIians,
1972). In a south west Florida estuary, the nangrove detritus was found to be a
maj or source of plant material for the food web (Odum 1970; and Heald, 1971).

The Biscayne Bay - Card Sound estuarine system has been investigated during the
past two years for the effect of heated industrial effluents. Quantitative
estimates of both a stressed area and an unstressed area indicate that the
dom nant phanerogam Thal assia testudinum Koenig, is extrenely productive in
areas near to shore and has relatively high productivities in the central bay.
This study indicated that quantitatively Thalassia contributed nore plant
material to the food web than either the phytoplankton or the mangrove
popul ation in this area (Thorhaug and Stearns, 1972). However, the role of the
bent hi ¢ macroal gae and the macroepi phytes remains totally unknown. Two pieces of
information inply that the red algal conplex, <chiefly, Laurencia poitei
(Lamouroux) Howe, with several other red algal species may be of particular
inmportance in this estuary. First, trawing studies conducted over the past
three years in this estuary (Roessler, 197x) and in an estuary to the south
(Tabb and Manni ng, 1961; Tabb et al., 1962) have found a high standing crop of
the red algal conplex, as well as a high correlation between the catch of
animals and the anobunt of vegetation. These estuaries are relatively shallow
(Biscayne Bay, an average of 6 feet, Card Sound, 10 feet) wth topol ogical
features to provide shelter for the many, snall species found herein. The second
pi ece of information is a study by Hunm (1964) who identified the epiphytes
found on the domi nant sea grass Thalassia testudinum O the 113 species found,
Humm estimated that 60% were red al gae, and then suggested that these may be of
significance to the total productivity of the estuary. A second investigation of
an estuary off the northern coast of Brazil (Ferreira-Correia, 1969) has found a
hi gh red al gae epi phyte popul ati on on Digenia sinplex (Wlfen) C Agardh

The phycological literature offers us little beyond these data. Early work
i ncl uded nuch taxonony (3, 5, 7, 8, 11, 12, 15, 23, 28, 29, 30, 31) several
studies of thallus growh and several photosynthetic investigations of tenperate
forms (4, 15).

The only known tropical estuarine physiology was a part of a larger study by
Bi ebl (1962 a and b) to determine short term upper lethal linmts of many al gae
in Puerto Rico.

To investigate the role of the red algal conmplex in the ecology of Biscayne Bay
- Card Sound estuarine system |aboratory and field studies have been conducted
over the past nine nonths.



METHODS
Labor at ory

Speci nens were collected via SCUBA gear, cleaned thoroughly of animals and
debris, then rapidly transported to the laboratory with air-bubbling and cool
temperatures. The nost healthy of these were again cleaned in running seawater
and separated into single strands which averaged 20 cm in length. These were
cl eaned epiphytes and strung onto nonofilanent 3 per string, anchored by a
bottl e containing sand. The indoor tanks had running sea water punped from Bear
Cut to the large containing tank on the roof and gravity fed through polyvinyl
chloride pipes to our tanks. There it passed through a filter with spun dacron
and an ultra violet light. This overflowed into the tank at a rapid rate.
Lighting was 20 watts G olux (27% of natural daylight). The outdoor tank was 4
feet by 4 feet by 2 feet. The running sea water design was sinilar to the indoor
tanks. Light was filtered out by 73% greenhouse screening. Two subnersible punps
were used to increase the circulation within the tank. This served to curb
epi phytes and enhanced grow h.

The first neasure of growh was to mark the tips of a specinmen with plastic tape
and to nmeasure the anmount of growth from the tape per week. This neasured only

tip growmh. Secondly, specinens were drawn weakly on |arge mmf graph paper with
magni fication by a canera lucida. This measured total growmh of tips and |ateral
papillae. Thirdly, specinens were allowed to drip excess water for 30 seconds
then inserted into a folded clear acetate sheet which placed on 20.3 x 25.4 cm
Kodak phot ographic paper. This was exposed to sunlight for 1 mnute, then the
paper was inmersed in Hypo solution, washed with water and dried. The total
pl ant was neasured from this photoproof paper by using a Swivel handled map
neasurer. Dry weights of 50 specinmens of various sizes were carried out by
blotting the sanple for 30 seconds on absorbent paper, then weighing and drying
at 110 °C for 3 days.

Fi el d procedures

Ei ght stations in Turkey Point and 16 stations in Card Sound were chosen from a
grid. Aluminum franes were placed randonly at each station of one square neter.
Each was subdivided into quadrants with 1/4 inch polyethylene cord. The
percent age of each quadrant covered with red algal species was recorded as well
as any unusual events such as epiphytes and gamete formation. Photographs were
taken nonthly of the al gal squares.

Trawl survey

This work was conducted by Dr. Martin A Roessler. Seven trawl sanples were
taken at each of the trawl stations at nonthly intervals. A 3-meter foot rope
length otter trawl lined with 0.63-nm bar nesh was used for all sanples. The
tows were nmade with the wind and the net was enptied into wash tubs at the
conpl etion of each tow After seven tows were conpleted the contents of each tub
were rough sorted. The kind and weight of vegetation were recorded and the
animals preserved in a 10 percent formalin solution.

Day catches were conpared to night catches with a non paranetric paired T test
using each species taken by trawling at 20 stations. N ght sanples were
collected within 24 hours of the day sanples. Five stations were sanpled each
nmonth for 4 nonths. Two tows were nmade at each night station and those were
conpared with 2 daylight tows which had vegetation catches sinlar to the night
t ows.



Aerial photography nethods

The western half of Card Sound, including the mangrove shoreline, has been
phot ographed nonthly since May 1971 (weather permitting). Prior photographs were
al so taken in August and Novermber 1970. These aerial photos were obtained using
a U S Coast GQuard HH 52 helicopter froman altitude of 1500-2000 feet. In order
to keep distortion as |ow as possible, the “ look angle" was within 30° to 40°
of vertical. The preferred time was 3 hours after sunrise, which mninzed water
surface glare and at nospheric haze.

Phot ogr aphi ¢ equi pnent consisted of a hand-held 35 mm N kon canera with a 28 nmm
Ni kon |l ens. The w de acceptance angle of the 28 mmlens as conpared to a 50 mm
lens allowed nmore area to be covered at lower altitude. A N kon polarizing
filter was essential to reduce the effect of atnospheric haze and inprove water
penetration.

The preferred filmwas RVS 404 (Ektachrome X, daylight type in bulk form. There
was a loss of 2 f stops when using a polarizing filter, and a high shutter speed
(at least 1/125 sec) was needed to elinmnate the effects of aircraft vibration.
The ASA rating for the filmwas listed as 64; however, exposure at ASA 100 with
normal E-4 processing produced better color saturation. A typical exposure for
bri ght sunny days was 1/12S sec at f8.

FI ELD RESULTS

There were several prelimnary results fromfield observations and trawling. The
descriptive results from the unstressed estuary of Card Sound wll be given
first and then the quantitative neasurenents of standing crop in various parts
of the Sound and the nmonthly variation. Then the quantitative results from the
heat stressed area of Turkey Point will also be discussed, then the |aboratory
growt h data.

Card Sound
Descriptive ecol ogy

The red algal conplex in Card Sound has one domi nant species, Laurencia poitei
which is far nore abundant at nobst times than any of the others. This alga lives
attached to blades to Thalassia, rocks, shells, stones, and other aninal
substrates such as sponges or alcyonarians. It also is very prolific in its
unattached state. Observations by SCUBA during various storm periods show that
hi gh currents or other abrasion such as aninal predation can break the thallus
of Laurencia fromits attachnment, leaving it free to be noved by currents. These
fragnents of the thallus tend to collect in areas of high alcyonarian or
Thal assi a popul ati on, which then entwine into mats of nmany feet in dianeter and
sometimes mats several feet in volume of the water columm. The mats are also
collected in areas of less current flow such as behind small islands of
Arseni cker and Punpkin Keys. The mats can be seen from aerial photographs to
align with the predom nant water currents, and have been used by the physical
oceanogr aphers as current indicators. The red algal mats on the western half of
Card Sound align in a north-south pattern of rows resenbling the Langneir
wi ndrows of the Sargasso Sea. On the eastern half of the Sound the mats are far
nore randomin pattern, which may be accounted for by the tidal flushing through
Angel Creak of the eastern half of the Sound. Punpkin Key, on the eastern half
acts as a collector of Laurencia and has a |large popul ation of it.

The attached stage has been reported to have a sexual stage, we have no
observations thus far for a sexual stage in the unattached form

The other nmajor components of the red algal conplex Laurencia papillosa, L.
obtusa, Dasya pedicellata, Gacilaria verrucosa, and Acanthophora spicifera were
present. O these Digenia sinplex is the npbst prevalent. This alga growhs
attached on other algae principally and on rocks or shells. At certain tines,
large mats of this alga are free floating in Cart Sound. Oten Batophora
oerstedi, a Chlorophyte is found mxed in these mats. Rather infrequently,



Acetabul aria crenulata is also found in these mats. These two Chl orophytes have
short life spans and prolific swarners.

QUANTI TATI VE RESULTS

The results of two years of trawing surveys show the seasonal pattern of the
red algal conplex (Figure 1). This shows a clear peak of abundance of standing
crop for the late fall 1970, with a low in July, and August. In late fall 1971
there was an increase in standing crop, however, the increase was not as great
as in 1970. In April 1972, the Florida Power and Light Company canal to Card
Sound was opened, and effluent from the two fossil fuel plants were rel eased
into Card Sound. Therefore, the data after this date is difficult to interpret
as present or to conpare with data from the previous year. However, July val ues
from 1972 appear |ow as do Jul y- August val ues from 1971.

The aereal distributions of the red algal conplex is seen in Figure 2. The nean
nonthly standing crops show a |ow abundance near the nouth of the nodel Iand
canal where extremes in salinities have been noted (Thorhaug and Stearns, 1972).
In the area south of Card Bank there is extrenely sparse Laurencia on infrequent
occasions, with no Laurencia the rest of the tine. This area is one of high silt
and a |ow energy exchange. The predominant current in the western half of the
Sound is toward the north, so that unless unusual w nd conditions occurred the
water would tend to carry the red algal mats toward the north, allowing little
to enter into Card Bank. A seasonal salinity barrier occurs dowmn the niddle of
the Sound separating the western half from the eastern half. This further
restricts the appearance of red al gae across Card Bank. The area in the western
md-Card Sound is relatively abundant in the red algal conplex. This is in
contrast with the Thalassia population which is relatively sparse in the
nm d- Sound, where the bed rock out-crop probably limts its growh (Thorhaug and
Stearns, 1972). The low values at the extreme north station are not indicative
of the entire region, but rather are biased by the very near shore trawing.
Di ving observations at that station indicate a far higher population than the
rest of the stations. The fixed diving squares were further from shore than the
traw i ng stations and consistently showed high Laurencia poitei mats. Patchiness
from station to station was narked as was the amount of change from nonth to
nmonth. This was seen for both diving data and trawling. One generalization from
the diving observations is that the greater population of the red algae were
free floating.

Aerial photography substantiated nost of these above observations. Cear
wi ndrows of Laurencia could be seen under various wi nd conditions (Figure 3).
These wi ndrows were examined by air and SCUBA ground truth and found to be mats
dom nated by Laurencia and about 6 feet in dianeter. The eastern aide of the
Sound was |less abundant in the red algal conplex with the exceptions of a
prolific station around Punpkin Key. Few specinens were collected very close to
shore.
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Figure 1. Mean dry weight in grans of trawl sanples of the red algal conplex at
Card Sound for the time period July 1970 — July 1972.



Figure 2. Mean standing crop in g dry wei ght/n? in 1971 in Card Sound, Florida,
for the red al gal conpl ex.

G owt h studies

The growth of Laurencia poitei was vigorous throughout the 9 nonth study period.
Gowh rates of the winter nonths did not appear to be different than sunmer
nonths at the present growmh rate of Laurencia. The outside tank at this tinme
had a slightly higher growmh rate than the inside tank. The npbst continuous set
of measurenments are those from April 12 to August 2 on the faster growi ng set of
Laurencia. This included the 32 original specinmens collected at various tines
was 4.2 nmweek outside and 5.8 per/week inside. The neasured g dry weight/day

of this total tip growth was 7.8 x 10 °/tip/day outside and 1.09 x 10 % tip/day
inside. Digenia sinplex grew nore rapidly in the outside tank conditions at 6.9
mmi week/ branch tip, and 4.3 nmi week/branch tip inside.

The variation of growh with increasing tenperature at the outside tank warned
in the spring and sunmer was not noticeable in either species, nor did growth
decline. Wien the entire growh of each plant was neasured by the proof paper
net hod, one found that approximately 3 times nore growh was recorded, due to a
count of all branches and projections on the plant. Inside and outside both have
about this sanme ratio. This latter nmeasurenent, of course, indicates a nore
realistic figure of total growh per plant. Plants neasured for total growth of
all branches showed an average growth inside of 1.66 cm week/plant. The average
pl ant woul d then produce 3.23 ng dry weight/day. In our prelimnary observations
of many i ndi vi dual pl ants from



Figure 3. Parallel rows of Laurencia poitei in Card Sound indicating tidal
current pattern. [ SCANNED FROM A PHOTOCOPY OF THE ORI G NAL. ]

Laurencia conplexes and attached plants, the average plant weighed about 4 g.
Total tip growh neasurenents were 1.66 cm (neasured on 25 plants of 4 g) were

3.23 ng/day. Since the standing crop was 10.7 g/n? as a first approximation, the
productivity of Laurencia poitei would then be 0.069 g (dry weight) /n?/day or
25.19 g/ nf/year. Since Card Sound is approximtely 37 knf, this would make the
annual productivity of Laurencia about 931 x 10° g dry weight in the total area.

DI SCUSSI ON

The standing crop of the red algal conplex in Card Sound, which consists chiefly
of Laurencia poitei is 10.7 g dry V\eight/nf'/day as a first estimation from
trawling figures, reconfirmed by diving observations and aerial photography of
the area. Qur productivity estimate for Laurencia of near 25 g dry wei ght/n?/year
for Card Sound. Present continuing |aboratory and field studies of growth and
standing crop should refine this figure. As a first approxinmtion, since no
estimate existed previously let us conpare this to the productivity of Thal assia
testudi num which has been described as the domi nant species in the benthic
plant community. Thalassia productivity in Card Sound 1is 3811 g dry
wei ght/m"/year (Thorhaug and Stearns, in press), This figure appears higher than
sea grass productivity some conparable figures of several workers including



Zostera (eelgrass) such as Dillon (1971) in Beaufort, North Carolina with a
productivity of 346 g dry wei ght/n?/year, and Phillips (1969) in Puget Sound

finding 581 g/nf/year. Qur estimates of Laurencia productivity are linmted by
lack of field growth neasurenents, which are in progress at present.

Qur original approximations, then indicate that in terns of dry weight of plant
material contributed to the estuary, Thalassia is several orders of nagnitude
nore productive, and that Laurencia may not contribute substantially to the
detritus. Conpared to northern estuarine estimates of productivity of algae,
Laurencia is not extrenely productive, such as Lami naria which produces up to

4400 g dry wei ght/nf/year (Bl'i nks, 1955). However, the inportance of Laurencia
may not be only in terms of granms of nmmterial produced but rather in its
excellent protection as one of the few hiding places in this shallow (average
depth 10 feet) enbaynent. Also the seasonal cycle of Laurencia appears to be a
late fall and wi nter peak of productivity while Thalassia has a late spring
peak of productivity. Laurencia may account for a necessary food source when
ot her sources such as Thal assia, the green algae and mangrove detritus are at a
low ebb. In addition, Laurencia may be a preferable food source and direct
predation. may occur nuch more frequently than with Thal assia, perhaps allow ng
substantial ampunts to directly enter the food web.

However, a mmjor problem appears in discussing the food web of Card Sound at
present. Fromthe high Thal assia productivity, it would appear that this benthic
grass is a major source of detritus, since few organisnms have been to directly
feed on the sea grass. However, detrital breakdown studies of the benthic plant
community and its associated mcro-organisns such as currently being conducted
on mangrove detritus are definitely needed before the major pathways may be
fully established.

Laurencia appears to be far nore sensitive to environnental stresses such as
heat, siltation and low salinities than does Thalassia. Areas of thernal
effluent were Thalassia plants were able to recolonize to sone extent in the
Wi nter nmonths when the heat was no |onger lethal, were nmore extensive than those
in which large abundance of Laurencia reappeared. This greater sensitivity to
heat only several degrees above mid-summer high was also denonstrated in
| aboratory studies (Thorhaug, unpublished). In areas where heavy siltation
appeared due to digging of the canal Laurencia was killed in a larger area than
was Thal assi a.

In conclusion, this is a first report of one of the inportant benthic plants
whi ch has previously enjoyed scant attention. Field growh studies as well as
detrital break down and wuse of Laurencia as a nutritional source are
recomrended.
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